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About This Book

Many ideas grow better when transplanted into another mind
than the one where they sprang up.

—Oliver Wendell Holmes

Considering this quote as the sole motto of the International Semantic Intelli-
gence Conference, this book constitutes the proceedings of the 2nd International
Semantic Intelligence Conference (ISIC 2022), held at Georgia Southern Univer-
sity (Armstrong Campus), Savannah, United States from May 17 to 19, 2022. The
ISIC is an international symposium that convenes to publish cutting-edge research
results in intelligent applications for the Artificial Intelligence, Machine Learning,
and Semantic Web communities.

Semantic Intelligence is rising as an important suite of technologies as a way
forward with Artificial General Intelligence. Although the first version of ISIC 2021
started in the general domain of Artificial Intelligence and Machine Learning, we
hope and envision that with years ISIC will succeed as a more focused Semantic
Intelligence Conference.

ISIC 2022 has four top-shot invited researchers as advisory. The conference
committee has diligently finalized the five keynote speakers. They are multi-
diversified in nature across the whole world and are esteemed experts in their field.
The main conference organization has 18 chair members whereas there are approxi-
mately 121 technical program committee members from various countries globally.
ISIC 2022 also exhibits four pre-conference tutorials this year. The second edition
of the conference also depicts a high geographical diversity from around 40 different
countries as the members and more than 35%women as high gender diversity within
its organization, similar to the last edition.

ISIC 2022 has been conducted in Online mode. Only high-quality manuscripts in
the area of the conference are accepted for final publication by virtue of review and
selection process. Every manuscript was reviewed by three to four reviewers and just
like last year, this year also the acceptance rate was 50%. The volume comprises 22
manuscripts from 74 authors coming from 34 different universities/institutions over

xvii



xviii About This Book

10 different countries, namely, the United States, India, Germany, Serbia, Turkey,
Nigeria, Italy, South Korea, Canada, and Morocco.

We invite proposals from universities and institutes to host the next edition of the
International Semantic Intelligence Conference ISIC 2023.



Keynote Talks

ISIC 2022 witnessed five keynote talks in five different topics under the umbrella of
Semantic Intelligence.

a. Title: Applying Knowledge Graphs for Data Analytics and Machine Learning

Speaker: Dr. Ernesto Jiménez-Ruiz (Lecturer, City, University of London)

Abstract: The application of knowledge graphs (KG) is going beyond the original
vision of the Semantic Web and KGs are starting to play a key role to organize the
enterprise, GLAM, and governmental data, and they are already the backbone in
several bio-medical applications. Enterprises are also leveraging knowledge graphs
to drive their products and make them more “intelligent.” The next steps in AI
involve the creation of richer and smarter AI systems in regards to semantically
sound, explainable, and reliable. Hybrid learning and reasoning systems combining
subsymbolic and symbolic representations are gaining renewed attention,within both
the Machine Learning (ML) and Knowledge Representation communities, to lead to
the design and creation of such richer AI systems.

Video Link: https://youtu.be/KSAKSOvCMHs

ShortBiography: Ernesto JimenezRuiz is aLecturer inArtificial Intelligence atCity,
University of London affiliated to the Research Centers for Machine Learning and
Artificial Intelligence. He is also a researcher in the Centre for Scalable Data Access
(SIRIUS) at the University of Oslo, Norway. He previously held a Senior Research
Associate position at TheAlanTuring Institute inLondon (UK) and aResearchAssis-
tant position at the University of Oxford. His home university (Universitat Jaume I,
Castellon, Spain) awarded a “Premio extraordinario de doctorado” (roughly trans-
lated as a Extraordinary Doctoral Award) to his doctoral thesis (Engineering category
2010–2011). His research has covered several areas, including bio-medical infor-
mation processing and integration, ontology reuse, ontology versioning and evolu-
tion, ontology alignment. His current research interests focus on the application of
Semantic Technology to Data Science workflows and the combination of Knowledge

xix
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Representation and Machine Learning techniques. My complete list of publications
can be found here. The PDF of most of the articles are available online.

b. Title: Detect, Characterize, and Accommodate Novelties in AI systems.

Speaker: Bharat K. Bhargava (Purdue University, Indiana, USA)

Abstract: Novelties are surprises that an AI system encounters. It is easier for a
human to detect novelties and adjust. An automated and autonomous system must
learn about the characteristics and detect, understand, and adapt to novelty in not
only the environment but in agents that interact with it. For example, in a game such
as monopoly or chess, the rules of the game can be suddenly changed or players
may change their objectives. Players may also collude with other players to achieve
an outcome such as draw or extend the game beyond time limit, or make one of
the players lose or win. Even though the military is trained to deal with different
environments before deployments, it can encounter novelties that it must deal with.
Example could be an enemy using a motorcycle on a narrow path in high mountains
where jeep or trucks cannot follow.

Systems or agents do not need to react to every novelty. Some of them are just
nuisance and do not affect the operations. Some novelties are transient and disappear
and do not reappear. Some novelties are easy to detect and react to. Some novelties
overlap with past novelties and system can easily adapt.

The context, timing, duration, extent, and duration of novelty must be considered
in agent’s adaption and accommodation. How to build AI/ML system that can adapt
to fluid novelties in open world will be presented. We present scientific principles to
quantify and characterize novelty in open-world domains. We identify measures and
evaluation criterion for behavior of AI system when encountering novelties.

Novelties are found in many environments and agents must learn about them and
accommodate them.

Video Link: https://youtu.be/XWq8I-rv94U

Short Biography: Bharat K. Bhargava is a Professor of the Department of Computer
Science with a courtesy appointment in the School of Electrical & Computer Engi-
neering at Purdue University. His recent research is on Intelligent Autonomous
Systems and data analytics and machine learning. It includes cognitive autonomy,
reflexivity, deep learning and knowledge discovery. His earlier work onWaxed Prune
with MIT and NGC built a prototype for privacy preserving data dissemination in
cross-domains. Currently he is leading the NGC REALM consortium. He has grad-
uated the largest number of Ph.D. students in CS department at Purdue and is active
in supporting/mentoring minority students. In 2003, he was inducted in the Purdue’s
Book of Great Teachers. In 2017, he received the Helen Schleman Gold Medallion
Award for supporting women at Purdue and Focus award for advancing technology
for differently abled students.

https://youtu.be/XWq8I-rv94U
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c.Title: LeveragingArtificial Intelligence andMachine Learning in Pandemics using
COVID-19 as a Case Study

Speaker: Sven Groppe (University of Lübeck, Germany)

Abstract: The COVID-19 pandemic slows down or even often stopped the world’s
activities in economy, education, society, and other areas of our daily life, but was
a huge trigger for research. Smart and hardworking scientists all over the world are
still extending the knowledge about the COVID-19 virus and are contributing to
various technologies to fight against the COVID-19 pandemic. Continuously newly
occurring mutations of the original virus demand for still working on and improving
the developed technologies against the pandemic.

This talk covers a short introduction into the effects of the COVID-19 pandemic
by naming itswinners and losers. Losers of theCOVID-19 pandemic include infected
humans (sufferingmore than necessary fromoverburdened health systems), economy
(caused by lockdowns), students (having to catch up with missed topics due to closed
schools), and society (suffering from canceled events). There are also some winners
of the COVID-19 pandemic like vaccine developers (with increasing stock price
performance), sellers of medical products (increasing their sales), and technologies
used to overcome pandemics (the development of which is enormously triggered by
funded research).

This talk tries to provide an overview to answer where computers can help in
our fight against the pandemic. Many areas and technologies have been identified
for this purpose. According to my opinion, the most important technology for a
short-time reaction to the COVID-19 virus in medical research is sequencing a
genome and analyzing it via supercomputers. One of the most prominent exam-
ples for other developed approaches are the predictions of incidence rates and other
COVID-19 data (like hospitalization rates) considering COVID-19 confinements and
other contexts by computer simulations and machine learning approaches. There is
also a need for the management of physical contacts, e.g., at events and restaurants,
and apps for personal contact tracking to warn a group of or single persons in the
case they have been in contact with an infected person. In order to overcome security
risks different approaches for contact tracking have been discussed and developed
like mobile operator, location-based, and proximity-based contact tracing. Software
within health systems has been improved or introduced, e.g., patient registration
and status in hospitals, automatically recognizing COVID-19 patients from their
computer tomography scans, and publicly available databases of confirmed COVID-
19 cases and other COVID-19-related data, which are the basis for deeper analysis of
the COVID-19 pandemic. On the basis of the achieved knowledge about the COVID-
19 virus and the effects of the COVID-19 pandemic, a set of COVID-19 knowledge
graphs have been released, which provide automatic means for answering related
questions and help to structure the information flood of COVID-19-related data.
Because of the enormous list of developed and used technologies related to COVID-
19, this talk cannot dive into all of them, but will tackle the most important ones to
learn for future pandemics.
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Video Link: https://youtu.be/GAnC0ktljFU

Short Biography: Sven Groppe is Professor at the University of Lübeck, Germany.
He was a member of the DAWGW3C Working Group, which developed SPARQL.
Hewas the project leader of theDFGproject LUPOSDATE and two research projects
on FPGA acceleration of relational and Semantic Web databases, and is a member
of the Hardware Accelerator Research Program by Intel. He is currently the project
leader ofGermanResearch Foundation projects onGPUaccelerated database indices
and on Semantic Internet of Things. Furthermore, he is leading a project about
quantum computer accelerated database optimizations and he is project partner in a
project about COVID-19 high-quality knowledge graphs, visualizations and analysis
of the pandemic with 2 French partners. His research interests include Internet of
Things, SemanticWeb, query and rule processing and optimization, Big Data, Cloud
Computing, peer-to-peer (P2P) networks, data visualization and analysis, and visual
query languages.

He is the workshop organizer and chair of the Semantic Big Data workshop
series (2016 to 2020) in conjunction with ACM SIGMOD. In 2021 and 2022 he
organized the International Workshop on Big Data in Emergent Distributed Envi-
ronments (BiDEDE) @ SIGMOD and the International Workshop of Internet-of-
Things (VLIoT) in conjunction with VLDB since 2017. He is the general chair of
the International Semantic Intelligence Conferences in 2021 and 2022.

d. Title: Responsible AI for National Security

Speaker: Amanda Muller (Artificial Intelligence Systems Engineer and Technical
Fellow Northrop Grumman Mission Systems)

Abstract: Human–machine teaming is a critical consideration for ensuring the
successful implementation of semantic technologies. Without consideration for the
human element of an Artificial Intelligence or Machine-Learning-enabled system,
performance will suffer, or worse—the system simply will not be used. AI ethical
frameworks can be leveraged as an enabler of human–machine teaming by certi-
fying that systems are developed in line with human values. Ethical frameworks
such as the U.S. Department of Defense’s Five Ethical Principles of AI contain the
necessary guidelines to ensure that AI systems are interpretable, governable, and
usable by humans. However, there is no one-size-fits-all ethical framework—the
right framework must be carefully selected based on the use case in question, the
risk profile, and applicable laws and regulations. This presentation will examine the
use of ethical frameworks as an enabler of human–machine teaming in AI, and the
factors to consider when choosing the right one for a particular use case.

Video Link: https://youtu.be/PKPhCtG3EDo

Short Biography: Dr. Amanda Muller is a Consulting Artificial Intelligence (AI)
Systems Engineer and Technical Fellow Emeritus based in Northern Virginia. Dr.
Muller currently serves as the Responsible AI Lead for Northrop Grumman. In
this role, she is responsible for coordinating the strategy, policy, and governance

https://youtu.be/GAnC0ktljFU
https://youtu.be/PKPhCtG3EDo
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efforts related to Artificial Intelligence across the Northrop Grumman enterprise. As
a Mission Systems Technical Fellow Emeritus specializing in User Experience and
Human-Systems Integration, she also serves as a subject matter expert on proposals,
program reviews, and research efforts. Prior to her current role, Dr. Muller worked
for Northrop Grumman Space Systems in Redondo Beach, California, as a Systems
Engineer. She led the User Experience teams for several restricted space programs,
conducting user research in operational environments around the world. Previously,
Dr. Muller served as a Systems Engineer on State Health and Human Services
programs, as a Human Factors Engineer in Aurora, Colorado, and as the Human-
Systems Integration lead for airborne platforms in Melbourne, Florida. In addition
to her program roles, Dr. Muller has been a mentor in the Mentoring the Technical
Professional program for over seven years.

Dr. Muller’s publications include a book chapter in Emerging Trends in Systems
Engineering Leadership: Practical Research from Women Leaders (in press), and
peer-reviewed articles in Information Fusion, Journal of Defense Modeling and
Simulation, WSEAS Transactions on Advances in Engineering Education, and the
Annals of Biomedical Engineering.

Dr. Muller holds a Ph.D. in Engineering fromWright State University in Dayton,
Ohio, and B.S. and M.S. degrees in Biomedical Engineering from Worcester Poly-
technic Institute in Worcester, Massachusetts. She also holds a graduate certificate
in Design Thinking for Strategic Innovation from Stanford University. Dr. Muller
is a Certified Systems Engineering Professional (INCOSE), Professional Scrum
Master (Scrum.org), and is certified in Professional Scrum with User Experience
(Scrum.org).

e. Title: Semantic Intelligence: The Next Step in AI

Speaker: Sarika Jain (National Institute of Technology Kurukshetra, India)

Abstract: Intelligent agents work autonomously by seeking necessary information,
coordinating with each other, and taking necessary actions to make life simple for
human beings. There are three information aspects for an intelligent agent: syntax
(sentence construction, grammatical correctness), semantics (human-level interac-
tion), and pragmatics (intention behind the communication). An intelligent agent is
required to fuse heterogeneous sources of information together for which it should
be equipped with both the data-driven (statistical) and knowledge-driven (symbolic)
AI disciplines. We need a representation of our data that not only includes the data
itself but where the interactions in it is a first-class citizen.

We have seen in the past decade that statistical models have revolutionized the
world. Though the Statistical models have already proved themselves, they are not
a Universal Solvent but only a tool as others. Deep learning is very good at learning
in a static world and executing low-level patterns, provided it is fed with a lot of
data. More deep, more intelligent, and, of course, more black. The question is “Is
the AI of today Artificial Super Intelligence (ASI)/Artificial General Intelligence
(AGI)/Artificial Narrow Intelligence (ANI)? Is the AI of today the AI that we are
craving for?” In fact, today’s artificial intelligence is weak AI. There are a number of
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instances where DL has produced delusional and unrealistic results. Accuracy alone
is not sufficient. We require exploring ways of opening the black box of statistical
models.WhenDL researchers are asked to open the black box, this today implies less
intelligent models to them (limited capability). In addition to increased performance,
AGI aims to build trust.

Symbolic AI and statistical AI have to go together to achieve contextual
computing. The symbolist approach is nowadays manifested as a knowledge graph
that advanced statistics and machine learning can run on top of. The Hybrid Model
combines machine intelligence with human intelligence to reach conclusions faster
thanpossible byhumans alone alongwith the explanations needed for trust in the deci-
sions and results, while requiring far fewer data samples for training and conversing
in natural language. The Hybrid Model is able to generalize and is excellent at
perceiving, learning, and reasoning with minimal supervision. In addition, semantics
have come a long way in enhancing explainability in AI systems.

Video Link: https://youtu.be/r18vXwkt57Y

Short Biography: Sarika Jain graduated from Jawaharlal Nehru University (India)
in 2001. Her doctorate, awarded in 2011, is in the field of knowledge representation
inArtificial Intelligence. She has served in the field of education for over 19 years and
is currently in service at the National Institute of Technology Kurukshetra (Institute
of National Importance), India.

Dr. Jain’s major research interests include Artificial Intelligence, the Semantic
Web, Ontological Engineering, and Knowledge Graphs. She has received grants
from Defense Research and Development Organization, Department of Science and
Technology, Council of Scientific and Industrial Research for research, and National
Institute of Technology Kurukshetra for research projects; from All India Council
for Technical Education (thrice) for FDPs; from DAAD RISE worldwide (thrice)
for hosting research interns from Germany; and Ministry of Human Resource and
Development (twice) for hosting a reputed international faculty and for FDP. She
has published over one hundred peer-reviewed technical papers in books, journals,
and conference proceedings. She has served as a General Chair, Workshop Chair,
Program Committee Chair at many international conferences and workshops; and
Reviewer for journals published by IEEE, Elsevier, and Springer.

She has held various administrative positions at the department and institute levels
in her career. Among the awards and honors, she has received are the Best Paper
Awards, Feb 2021 (two), Aug 2020, Aug 2017; and the Best Faculty Award, Sep
2019. Dr. Jain works in collaboration with various researchers across the globe,
including in Germany, Australia, Malaysia, the United States, and Romania. She is
a senior member of the IEEE, a member of ACM, and a Life Member of CSI.

https://youtu.be/r18vXwkt57Y


Pre-conference Tutorials

ISIC 2022 witnessed three pre-conference tutorials under the umbrella of Semantic
Intelligence. This series of tutorials was the fifth workshop on Semantic Intelligence
in its series with the first four already held on different occasions. This workshop
aims to establish the importance of using semantic data models by integrating the full
potential of existing approaches, tools, techniques, methodology to provide situation
awareness, and advisory support in a seamless manner among the participants.

Key features: The uniqueness of this workshop lies in several respects.

• This is the fifthworkshop in its series and beingwell organized it discusses current
research in knowledge-based systems and presents it in a way that non-experts in
computer science may grasp.

• It provides comprehensive hands-on pedagogy in the latest approaches for
developing and publishing Linked Data Applications on the web.

• This workshop will assist graduate and undergraduate students taking courses
in Artificial Intelligence, Semantic Web, Knowledge Engineering, and Decision
Support Systems.

• A novice in the field of computer science can learn how to use semantic web
technologies for real-world challenges after taking this program.

• This workshop will be beneficial to a variety of users:

– senior undergraduate and graduate students,
– academicians and researchers, and
– practitioners in all application domains.

1. Tutorial 1: Building Domain-Specific Linked Data Applications

Presenters: Sarika Jain, National Institute of Technology Kurukshetra, India; Pooja
Harde, National Institute of Technology Kurukshetra, India; Ankush Bhist, Univer-
sity of Delhi, India; Nandana Mihindukulasooriya, MIT-IBM Watson AI Lab,
Cambridge, USA

Duration: 3 Hours

xxv
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Video Link:

Module 1—Semantic Web Vision as Motivation for Linked Data: https://youtu.
be/X9Y6snFFdUs

Module 2—Hands-On Session for Knowledge Modelling: https://youtu.be/vpO
ADh4qh5E

Modules 3&4—Hand-OnSessions forRDFCreation andSPARQLQuery: https://
youtu.be/8M5Xd9haF8k

Description of the Tutorial: Traditional data techniques and platforms do not prove
to be efficient because of issues concerning responsiveness, flexibility, performance,
uncertainty, heterogeneity, scalability, accuracy, and more. This data is understand-
able by humans and is really not amenable for machine processing. Semantic Web
and Linked Data technologies have been found as the most important ingredient in
building artificially intelligent knowledge-based systems.

2. Tutorial 2: Knowledge Infused Reinforcement Learning for Social Good
Applications

Presenters: Manas Gaur, Research Scientist, Artificial Intelligence Institute, Univer-
sity of South Carolina; Kaushik Roy, Ph.D. Student at Artificial Intelligence Institute,
University of South Carolina

Duration: 2 Hours

Video Link: https://youtu.be/A5SzrWBDxCY

Description of the Tutorial: Reinforcement Learning (RL) is a popular framework
to control a sequential decision-making process using rewards or reinforcement.
Though optimizing a goal-directed reward is suitable for many real-world applica-
tions, the emergence of big data has led to highly data-driven and black-box algo-
rithms. However, in social good applications, well-defined domain knowledge and
procedural information are critical to human decision-making that should be incor-
porated in the reward. Furthermore, the significant discrepancy between black-box
decision-making and human-like decision-making limits effective communication to
facilitate the seamless incorporation of data-driven and human-provided rewards. In
this study, we develop extit {Knowledge Infused Reinforcement Learning} (KiRL)
that addresses the above challenges. We test our approach on benchmark datasets
and real-world applications—specifically for Contagion Control and Mental Health
Triaging. We illustrate the qualitative and quantitative efficiency of transparent,
explainable methods that provide knowledge-guided, safe, and transparent mech-
anisms for effective interaction between human domain experts, users, and RL algo-
rithms. Thus, this tutorial will establish the usefulness of KiRL as a much-needed
technological assistance tool for real-world social good applications.

https://youtu.be/X9Y6snFFdUs
https://youtu.be/vpOADh4qh5E
https://youtu.be/8M5Xd9haF8k
https://youtu.be/A5SzrWBDxCY
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3. Tutorial 3: Knowledge Base Question Answering

Presenters: Nandana Mihindukulasooriya, MIT-IBM Watson AI Lab, Cambridge,
USA

Duration: 1 Hour

Video Link: https://youtu.be/2BknPDxaGUE

Description of the Tutorial: Knowledge Base Question Answering (KBQA) is the
task of providing precise answers to natural language questions using facts in a
knowledge base and it has been an important research topic since the early days
of AI. KBQA systems have been using many different approaches from rule-based
expert systems to end-to-end deep-learning-based systems andmore recently Neuro-
Symbolic approaches. KBQA also has several closely related subtasks such as entity
linking, relation linking, and answer-type prediction. In this talk, we will discuss the
KBQA task, its challenges, different reasoning types needed for question answering,
and different subtasks involved in KBQA.We will also look at different benchmarks
for evaluating the KBQA task.

https://youtu.be/2BknPDxaGUE


The Best Paper Awards

Like last year, this year also the International Semantic Intelligence Conference
witnessed high-quality submissions. The conference committee selected three best
paper awards this year after following a rigorous criteria. The selection was done at
three levels with filtering being done at every level. The Track PC Chairs looked into
the grading and the comments provided by the session chairs for every paper. The
review comments received during the review process were considered for the second
level of filtration. The Track PC Chairs themselves did the third level of filtration.
The final major criteria set was the works pertaining to the theme of the conference,
i.e., SEMANTIC INTELLIGENCE.

1. Session Chairs (Presentations made):

• Valentina Janev, Institut Mihajlo Pupin, Serbia;
• Archana Patel, Eastern International University, Vietnam;
• Fatmana Şentürk, Pamukkale University, Turkey;
• Sachi NandanMohanty, ICFAI Foundation for Higher Education, Hyderabad,

India;
• Asha Subramanian, Semantic Web India, Bengaluru;
• Prakash Gopalakrishnan, Amrita Vishwavidyapeetham, Bengaluru;
• Filbert H. Juwono, Curtin University, Malaysia; and
• Kapil Gupta, National Institute of Technology Kurukshetra, India.

2. Reviewers Comments. The Technical Program Committee (TPC) is already
announced on the ISIC 2022 website. The Program Committee is very diversi-
fied across the globe and the maximum percentage is the Artificial Intelligence
researchers.

3. Track PC Chairs (Overall): The Track PC Chairs are already announced on
the ISIC 2022 website. All the three Track PC Chairs are active researchers in
Semantic Intelligence.

Professor Bharat K. Bhargava, one of the advisory committee members,
announced the Best Paper Awards during the Valedictory session. Here is the list
of papers that received the Best Paper Award during ISIC 2022:
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xxx The Best Paper Awards

Sr. no. Paper title Authors

1 Knowledge-based Extraction of
Cause-Effect Relations from Biomedical
Text

Sachin Pawar, Ravina More, Girish
Palshikar, Pushpak Bhattacharyya, and
Vasudeva Varma

2 Towards a Solution for an Energy
Knowledge Graph

Dušan Popadić, Enrique Iglesias, Ahmad
Sakor, Valentina Janev, and Maria-Esther
Vidal

3 NyOn: A Multilingual Modular Legal
Ontology for Representing Court
Judgments

Sarika Jain, Pooja Harde, and Nandana
Mihindukulasooriya
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